We investigate the ǫ ′ /ǫ for K → ππ in a sequential fourth generation model. By giving the basic formulae for ǫ ′ /ǫ in this model, we analyze the numerical results which are dependent of m t ′ and imaginary part of the fourth CKM factor, ImV *
V t ′ d and the fourth generation CKM matrix phase θ). We find that, unlike the SM, when taking the central values of all parameters for ǫ ′ /ǫ, the values of ǫ ′ /ǫ can easily fit to the current experimental data for all values of hadronic matrix elements estimated from various approaches. Also, we show that the experimental values of ǫ ′ /ǫ and rare K decays can provide a strong constraint on both mass and mixing of the fourth generation quark. When taking the values of hadronic matrix elements from the lattice or 1/N expansion calculations, a large region of the up-type quark mass m t ′ is excluded.
Introduction
Although the Standard Model (SM) is very successful for explaining the particle physics experiments, it has to face the difficulties of many interesting open questions, such asCP violation. The new experimental results for ǫ ′ /ǫ, which measures direct CP violation in K → ππ decays, have been reported by KTeV collaboration at Fermilab [1] and NA48 collaboration at CERN [2] , Re(ǫ ′ /ǫ) = (28.0 ± 4.1) · 10
KTeV, (1) Re(ǫ ′ /ǫ) = (18.5 ± 7.3) · 10
while the new world average reads [2, 3] :
Re(ǫ ′ /ǫ) = (21.1 ± 4.6) · 10
This establishment of direct CP violation rules out old superweak models [4] . Yet while the SM predicts a non-vanishing ǫ ′ /ǫ, the values in (1), (2) and (3) exceed most theoretical predictions of SM [5, 6] . People have to face and resolve this discrepancy. Some possibilities to accommodate the data in SM have been pointed out [7, 8] .
The SM makes precise assumptions on the mechanism that generates the CP violation. The only source of CP violating phase originates from the elements V u i d j of the CKM matrix with three quark generations. In SM, there are both indirect (ǫ) and direct (ǫ ′ ) CP violation.The analysis of ǫ ′ /ǫ can be divided into the short-distance (perturbative) part and long-distance ( non-perturbative)part. Using the effective Hamiltonian, (H W = i C i (µ)Q i (µ) [9, 10] ), one can obtain an expression of ǫ ′ /ǫ that involves CKM parameters (V u i d j ), Wilson coefficients (y i ) and local operator matrix elements ( Q i I ). The source of most theoretical uncertainties for ǫ ′ /ǫ is mainly from the difficulty in calculating nonperturbative part (local operator matrix elements), comparing with the phenomenological determination of CKM parameters [11] and the calculation of the Wilson coefficients at a NLO leval [10] . For ǫ ′ /ǫ, one of the goals of SM is to determine the hadronic matrix elements [12, 13, 14, 15, 16, 17] .
The interesting in this note is not in this non-perturbative part but the new effects with the fourth sequential generation particles in the short-distance part.Except for the SM explanation, there are many directions in the search for New Physics beyond the SM [18, 19, 20, 21, 22, 23, 24] to resolve CP violation. Unlike SM, almost any extension of SM has,in general, new CP violating phases. That is to say, they give new CP violation sources. The new physics on CP violation beyond SM includes CP violation in Supersymmetry models [19] and extensions of fermion sector [20, 23, 24] , scalar sector [21] and gauge sector [22] of SM. In extensions of fermion sector, there are many models, such as vector-like quark models [23] , sterile neutrino models [24] , proposed for probing new effects on CP violation.
In this note, like in ref. [25] , we consider a sequential fourth generation model [25, 26] Table 1 : The elementary particle spectrum of SM4
As the SM does not fix the number of generations, so far we don't know why there is more than one generation and what law of Nature determines their number. On the one hand, the purely sequential 4th generation is constrained, even excluded in many literatures [27] . For example, in refs. [28, 29] the method of Padé approximates is used to show that for a large fermion mass, it is possible to dynamically generate p-wave resonance and then the S parameter bound can serve to exclude a heavy fourth generation of fermions [29] . Ref. [30] found that there is no violation of the S parameter upper bound for any value of the heavy fermion mass and that elastic unitarity, imposed as a constraint on strong W L W L scattering, yields no information concerning and sheds no light on the existence of a heavy fourth generation. The ref. [31] compared various precision determinations of the Femi constant G F to get the rather stringent bound of 3rd and 4th generation lepton mixing angle θ 34 . It founds that the fourth charged lepton is too heavy and seems nonexistence. The precision electroweak measurements can also give the strong constrains to the sequential 4th generation, in particlar the S parameter excludes it to 99.8% CL if is degenerate, and if not and a small T parameter is allowed then it is excluded to 98.2% CL [32] .
However, on the other hand, experimentally, the LEP determinations of the invisible partial decay width of the Z 0 gauge boson only show that there are certainly three light neutrinos of the usual type with mass less than M Z /2 [33] . But the existence of the fourth generation with a heavy neutrino, i.e., m ν 4 ≥ M Z /2 [34] is not yet excluded. Perhaps there exists some more deep or mechanism to give the room of the sequential fourth generation. Because we really don't know why there only three generations. So, it is not invalueble to research these new generation as one of the new physics. Before having a more fundamental reason for three generations, one may investigate phenomenologically whether the existing experimental data allow the existence of the fourth generation. This is also the main perpuse of this note. There are a number of papers [26, 27] for discussing the fourth generation phenomena.
In our previous paper [35] , we have investigated the constraints on the fourth generation from the inclusive decays of B → X s l + l − and B → X s γ. In this note, we further study its effects on direct CP-violating parameter ǫ ′ /ǫ in K → ππ decays as well as possible new constraints from ǫ ′ /ǫ and rare K decays.We limit ourselves to the non-SUSY case in order to concentrate on the phenomenological implication of the fourth generation and will call this model as SM4 hereafter for thesake of simplicity. (4) i (µ) contributed by t and t ′ correspondingly. We can get y (4) t ′ by taking the mass of t ′ as one of the input parameter. Moreover, for obtaining ǫ ′ /ǫ in SM4,we must know something about elements V t ′ d j of the fourth generation 4 × 4 CKM matrix which now contains nineparemeters, i.e., six angles and three phases.But there are no any direct experimental measurements of them. So we have to get their information indirectly from some meson decays. We investigate three rare K decays,
, in SM4. These decays can give the constraint of the fourth CKM factor, ImV
and a fourth generation phase θ), which is need for calculating (ǫ ′ /ǫ) new . We shall take it as an additional input parameter. As a consequence, the total (ǫ ′ /ǫ) is the sum of (ǫ ′ /ǫ) sm and (ǫ ′ /ǫ) 4 contributed by the SM and the new particle t ′ correspondingly. Unlike the SM, when taking the central values of all parameters for ǫ ′ /ǫ, the new value of (ǫ ′ /ǫ) can reach the range of the current experimental results whatever values of the non-perturbertion part, hadronic matrix elements, are taken in all known cases. Also, the experimental values of (ǫ ′ /ǫ) exp impose strong constraints on the parameter space of ImV *
In sec. 2, we give the basic formulae for ǫ ′ /ǫ with the fourth up-like quark t ′ in SM4. In sec. 3, we analyze the constraints on the fourth generation CKM matrix factor ImV
which is necessary for calculatingǫ ′ /ǫ in SM4. Sec. 4 is devoted to the numerical analysis. Finally, in sec. 5, we give our conclusion.
2
Basic formulae for ǫ ′ /ǫ and Wilson Coefficients y
The essential theoretical tool for the calculation of ǫ ′ /ǫ is the ∆S = 1 effective Hamiltonian [9, 10] ,
where
and Φ = π/2 + δ 2 − δ 0 ≈ π/4. With the effective Hamiltonian (4), we can cast (5) into the form ǫ
with r = G F ω/(2|ReA 0 )|). y i are the Wilson coefficients and the hadronic matrix elements are
The operators Q i and Q i I are given explicitly in many reviews [9, 10] When including the contributions from the fourth generation up-type quark t ′ , the above equations will be modified. The corresponding effective Hamiltonian can be expressed as
with τ = V * ts V td and τ
In comparison with the SM, one may introduce the new effective coefficient functions y
where y i (µ) are the Wilson coefficient functions in the SM and y (4) i are the ones due to fourth generation quark contributions. The evolution for y (4) i (µ) is analogy to the one y SM i (µ) in SM [9, 10] except replacing the t-quark by t ′ quark. The corresponding diagrams of penguin and box are shown in fig. 1 .
Using (11) and (12), eq. (7) can be written as
where the definitions of P ′(1/2) and P ′(3/2) are the same as (8) and (9) only by changing y i (µ) into y (4) i (µ), and
Thus the main test of evaluating ǫ ′ /ǫ in the SM4 is to calculate the Wilson coefficients y (4) i (µ) and to provide the possible constraints on Imλ t ′ . The constraints of Imλ t ′ will be discussed in next section. The calculation of y (4) i (µ) is the same as their counterpart y SM i (µ) in SM and can be simply done by changing m t to m t ′ , which is easy to be found in any corresponding reviews [9, 10] . Here we repeat the same calculations and only provide the numerical results for y 
Constraints on CKM Factor
Though we have no direct information for the additional fourth generation CKM matrix elements, while constraints may be obtained from some rare meson decays. In ref. [35] , we obtained the values of the fourth CKM factor V * t ′ s V t ′ b from the decay of B → sγ. In this paper, we shall investigate three rare K meson decays: two semi-leptonic decays
within SM4. These decays can provide certain constraints on the fourth generation CKM factors,
Within SM, the decays K → πνν are loop-induced semileptonic FCNC process determined only by Z 0 -penguin and box diagram. These decays are the theoretically cleanest decays in rare K-decays. The great virtue of K L → π 0 νν is that it proceeds almost exclusively through direct CP violation [45] which is very important for the investigation of ǫ ′ /ǫ in SM4. The precise calculation of these two decays at the NLO in SM can be found in Refs [46] . While experimentally, its branching ratio has not yet been well measured, only an upper bound has be given and is larger by one order of magnitude than the one in SM (see tab. 3)
1 . This remains allowing the New Physics to dominate their decay amplitude [18] . Moreover, Unlike the previous two semi-leptonic decays, the branching ratio Br(K L → µ + µ − ) has already been measured with a very good precision. While its experimental result is several times larger than theoretical prediction in SM (see tab. 3). This also provides a window for New Physics. 
and B(K L → π 0 νν) among the experimental values and SM predictions with maximum mixing.
In the SM4, the branching ratios of the three decay modes mentioned above receive additional contributions from the up-type quark t ′ [47]
may be found in Refs [9, 10] . The QCD correction factors are taken to be η t = 0.985 and η t ′ = 1.0 [47] .
To solve the constrains of the 4th generation CKM matrix factors
and ReV * t ′ s V t ′ d , we must conculate the Wilson coefficients X 0 (x t ′ ) and Y 0 (x t ′ ). They are the founctions of the mass of the 4th generation top quark, m t ′ . Here we give their numerical results according to several values of m t ′ , (see table 4) We found that the Wilson coefficients X 0 (x t ′ ) and Y 0 (x t ′ ) increase with the m t ′ . To get the largest constrain of the factors in eq. (15), (16) and (17), we must use the little value of m t ′ . Considering that the 4th generation particles must have the mass larger than M Z /2 [33], we take m t ′ with 50 GeV to get our constrains of those three factors.
bound:
which gives
This bond is much stronger than the direct experimental bound. (15), (16) and (17), we arrive at the following constraints
For the numerical calculations, we will take |ImV * t ′ s
It is easy to check that the equation (18) obeys the CKM matrix unitarity constraint, which states that any pair of rows, or any pair of columns, of the CKM matrix are orthogonal. [11] . The relevant one to those decay channels is
Here we have taken the average values of the SM CKM matrix elements from Ref. [11] . Considering the fact that the data of CKM matrix is not yet very accurate, there still exists a sizable error for the sum of the first three terms. Using the value of
obtained from eq. (18), the sum of the four terms in the left hand of (21) can still be close to 0, because the values of V * t ′ s V t ′ d are about 10 −4 order, ten times smaller than the sum of the first three ones in the left of (21) . Thus, the values of V * t ′ s V t ′ d remain satisfying the CKM matrix unitarity constraints in SM4 within the present uncertainties.
The Numerical Analysis
In the calculation of ǫ ′ /ǫ, the main source of uncertainty are the hadronic matrix elements Q i I . They depend generally on the renormalization scale µ and on the scheme used to renormlize the operators Q i . But the calculation of Q i I is much beyond the perturbative method. They only can be tread by the non-perturbative methods, like lattice methods, 1/N expansion, chiral quark models and chiral effective langrangians, which is not sufficient to obtain the high accuracy. We shall present the analysis on t ′ -quark effects when considering the uncertainties of Q i I due to model-dependent calculations.
It is customary to express the matrix elements Q i I in terms of non-perturbative parameters B 
The full list of Q i I is given in ref. [12] . We take the phenomenological values of B i [17] (see tab.5) except for B Table 6 : Neumerical values of the input parameters.
We take the values of B 1.0 ± 0.02 ± 0.05 [48] 0.81
0.8 ± 0.15 [14] 0.49 [6] 0.92 ± 0.002 [7] in three cases.
The numerical results are shown in figs. 2,3,4 which correspond to the three cases of calculating hadronic matrix elements, lattice method, 1/N eapansion, and chiral quark model, respectively. We now present a study for ǫ ′ /ǫ as functions of Imλ t ′ and m t ′ : ǫ ′ /ǫ versus Imλ t ′ with fixing m t ′ is plotted in figs. (a) ; ǫ ′ /ǫ versus m t ′ with fixing Imλ t ′ is ploted in figs. (b) ; and the allowed parameter space of Imλ t ′ and m t ′ is plotted in figs.  (c) . We shall analyze each case in detail as follows.
In figs (a) we plot eight lines corresponding to m t ′ =50, 100, 150, 200 250, 300, 350, 400GeV respectively. First, we notice that the slope of the line decreases as m t ′ increases. At a value of m t ′ , about 230GeV, the slope is zero because the second part in the right hand side of eq. (13) vanishes. The reason is similar to that in SM, i.e., with increasing m t ′ the EW penguins become increasingly important and their contributions to ǫ ′ /ǫ are with the opposite sign to those of QCD penguins so that at some values of m t ′ there is a cancellation. The behavior comes essentially once m t ′ becomes larger than 230GeV, the slope is negative. Its absolute value increases with m t ′ . Such a behavior comes essentially from the change of the Wilson coefficients y (4) i as m t ′ . Second, from figs (a), we found, within the constraints on Imλ t ′ from the three rare K meson decays, that ǫ ′ /ǫ can generally be consistent with the experimental average except for some ranges of m t ′ once the nonperturbative parameters B are taken values calculated based on the lattice gauge theory and 1/N expansion. Such a range roughly ranges from 170GeV to 300GeV, which can be seen from figs. (2a) and (3a) . There is no excluded range for the case of the chiral quark model. This is because in the first two cases, the SM values (ǫ ′ /ǫ) SM are about 8.8 × 10 −4 , which is much lower than the experimental average. For a large range of m t ′ , (ǫ ′ /ǫ) (4) is not large enough to make total ǫ ′ /ǫ reach the experimental average. But in the chiral quark model, the SM value is about 18.8 × 10 −4 which is in the 1σ error range of the present experimental average so that ǫ ′ /ǫ can reach the experimental average for all values of m t ′ in the reasonable region. Thus once the non-perturbative method calculations become more reliable and the experimental measurements get more accuracy, it may provide more strong constraints on the forth generation quark from the study on ǫ ′ /ǫ. Unfortunately, we can't get any information on the upper bound of m t ′ .
We also plot in based on the 1/N expansion results. While there is no such an excluded region based on the chiral quark model results. The reason is the same as that in the analysis of figs (a). Moreover, it seems that Imλ t ′ favors the negative values which may be interesting since the negative value of Imλ t ′ is better to satisfy the unitarity constraints of the CKM matrix (see eq. (21)). Therefore if there could exist the fourth generation, from both the theoretical and the experimental parts, one might be able get usefull information on the fourth generation CKM matrix elements, such as V * t ′ s V t ′ b which has been studied in our previous paper [35] .
In figs. (c) , we show the correlation between Imλ t ′ and m t ′ . The three curves in the figure correspond to the experimental values of the new world average and its 1σ error, respectively. It is seen that the the allowed parameter space is strongly limited for all three cases when the ratio ǫ ′ /ǫ is around the present experimental average within 1 σ error. The allowed parameter space is divided into two pieces except in the chiral quark model. This is in agreement with the analyses in figs. (a) and (b). Such a small parameter space indicates that ǫ ′ /ǫ may impose a very strong constraint on the mass and mixing of the fourth generation up-type quark.
Conclusion
In summary, we have investigated the direct CP-violating parameter ǫ ′ /ǫ in K 0 −K 0 system with considering the up-type quark t ′ in SM4. The basic formulae for ǫ ′ /ǫ in SM4 has been presented and the Wilson coefficient functions in the SM4 have also been evaluated. The numerical results of the additional Wilson coefficient functions have been given as functions of the mass m t ′ . We have also studied the relevant rare K meson decays: two semi-leptonic decays, 
